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(54) Interleaver and address generator for mobile communication systems 



(57) The present invention includes a data buffer, a 
contiguous counter and an address twister. The contig- 
uous counter generates a contiguous sequence of 
addresses which are used to load data into the data 
buffer in a contiguous order. The address twister gener- 
ates a non-contiguous sequence of addresses which 



corresporxJs to an interleaving sequence. The non-con- 
tiguous addresses output the encoded data from the 
data buffer in the order specified by the interleaving 
sequence. 
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Description 

Background of the Invention 

Held of the Invention 5 

The present invention relates generally to inter- 
leaver circuits and methods of interleaving data. More 
particularly, the present inverrtlon is directed to an inter- 
leaver circuit as required for the North American Code 
Division Multiple Access (CDMA) terminal according to 
the IS95 standard. 

Related Art 

The IS95 standard is a mobile telecommunication 
standard which employs Code Division Multiple Access 
(CDMA). CDMA is a form of modulation in which digital 
information is encoded in an expartded bandwidth for- 
mat. In CDMA, several transmissions occur simultane- 
ously within the same bandwidth. Mutual interference 
can be reduced by the degree of orthogonality of the 
unique codes used in each transmission. CDMA permits 
a high degree of energy dispersion in the emitted band- 
width. 

In a mobile telecommunication environment, signal 
strength varies with location and movement of the mobile 
transmitter/receiver. Signal strength can significantly 
affect error rates which in turn effect the quality of com- 
munication. Due to varying signal strength, mobile tele- 
communication systems are susceptible to burst errors. 
Burst errors are groupings of errors that occur in adjacent 
bits of a data block as compared to errors that are dis- 
persed over a whole block of data. The IS95 standard 
addresses the problem of varying signal strength and 
burst errors by utilizing an error correction scheme based 
on encoding and interleaving. 

Generally, interleaving is used in conjunction with 
encoding (e.g., error-correcting codes) in order to lower 
the error rates of communication channels that are sus- 
ceptible to burst errors, interleaving is a technique in 
which encoded digital data is reordered before transmis- 
sion in such a manner that any two successive digital 
data bits in the original data stream are separated by a 
predetermined distance in the transmitted data stream. 
Deinterleaving is the reverse of interleaving where data 
bits are reordered back to their original positions. By re- 
ordering the data, interleaving disperses, or randomizes, 
burst errors throughout the data block which improves 
the error -correcting capability of an encoding scheme. 

According to the IS95 standard, data is encoded and 
interleaved prior to transmission and decoded and dein- 
ter leaved after reception. A convolutional encoder in the 
transmitter encodes a data block. An interleaver in the 
transmitter then interleaves the encoded data according 
to the IS95 interleaving sequence. The interleaved data 
is transmitted to a receiver. The receiver deinterleaves 
and decodes the received data. Such deinterleaving dis- 
perses burst errors, which can occur during transmis- 
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sion, throughout the data block. This dispersal of bit 
errors maximizes the capability of the decoder to correct 
the errors. Thus, the interleaving process Is an essential 
part of the error protection scheme adopted by the IS95 
standard. 

In a mobile telecommunication system it is important 
to minimize chip size and current consumption. This is 
particularly true in the mobile stations, such as cellular 
telephones. Chip cost is proportional to chip size. Addi- 
tionally, the more current a mobile device uses, the 
shorter the battery life. Thus, it is a goal in mobile tele- 
communication systems to reduce both chip area and 
current consumption. 

The IS95 standard defines a formula for computing 
interleaving addresses. Computation of interleaving 
addresses using the formula defined in the IS95 stand- 
ard, at the required bit rate of 19 kbs (kilobits per second), 
requires several MIPS (million instructions per secorxl) 
of processing capability. The circuitry necessary to pro- 
vide several MIPS of processing requires a significant 
amount of chip area and consumes a significant amount 
of cunent. 

Another conventional method for computing inter- 
leaving addresses uses a look-up tattle to determine the 
proper interleaving address. This method minimizes the 
processing capability required to generate interleaving 
addresses. However, the look-up table requires a signif- 
icant amount of memory. This memory space requires a 
significant amount of chip area to implement. 

Thus, conventional implementations of mobile tele- 
comnuinication systems are flawed because they utilize 
interleaver circuits which require a significant amount of 
chip area and draw a significant amount of current. 

Summary of the Invention 

The present invention is an efficient interleaver cir- 
cuit which overcomes the problems of chip area and cur- 
rent consumption of conventional interleaver circuits. In 
the present invention, the interleaver circuit is preferably 
implemented using a data buffer, two counters and a mul- 
tiplexer The sinplicity of this circuit reduces the chip 
area and current consumption required to implement the 
interleaver circuit. Furthermore, the simplicity of the 
present invention increases the reliability and the speed 
of the interleaver circuit. 

The present invention is part of a mobile telecom- 
munications system which interleaves encoded data 
prior to transmission. The present invention includes a 
data buffer, a contiguous counter and an address twister. 
The contiguous counter generates a contiguous 
sequence of addresses which are used to load encoded 
data into the data buffer in a contiguous order. The 
address twister, a non-contiguous counter, generates a 
non-contiguous sequence of addresses which cone- 
sponds to an interleaving sequence. The non-contigu- 
ous addresses output the encoded data from the data 
buffer in the order specified by the interleaving 
sequence. 
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In a preferred enrTbodimertt of the present invention, 
the address twister generates the interleaving sequence 
specified by the IS95 standard. The address twister 
irrcludes two counters: a three-bit modulo-six counter 
and a six-bit modulo-64 counter. 

The foregoing and other features and advantages of 
the invention will be apparent from the following, more 
particular description of a prefenred embodiment of the 
invention, as illustrated in the accompanying drawings. 

Brief Description of the Drawings 

Figure 1 is a block diagram of a mobile telecommu- 
nication system in accordance with a preferred embodi- 
ment of the present invention. 

Figure 2 is a block diagram of an interleaver circuit 
in accordance with a preferred embodiment of the 
present invention. 

Figure 3 is a flow diagram illustrating the operation 
of the interleaver circuit of Figure 2. 

Figure 4 illustrates an interleaving sequence defined 
by the IS95 starxJard. To obtain the Interleaving 
sequence, the tat>le is read by columns, i.e. column 1 
first then column 2, etc. 

Figure 5 schematically illustrates an address twister 
which generates the IS95 interleaving sequence in 
accordance with a preferred embodimem of the present 
irrvention. 

Figure 6 is a flow diagram illustrating the operation 
of the address twister of Figure 5. 

Detailed Description of the Preferred Embodiment 

The preferred embodiment of the invention is dis- 
cussed in detail below. While specific part numbers arxi 
configurations are discussed, it should be understood 
that this is done for illustration purposes only. A person 
skilled in the relevant art will recognize that other com- 
ponents and configurations may be used without depart- 
ing from the spirit and scope of the invention. 

The preferred embodiment of the invention is now 
described with reference to the figures where like refer- 
ence numbers indicate like elements. In addition, the left- 
most digit of each reference number indicates the figure 
in which the number is first used. 

Figure 1 is a block diagram of a mobile telecommu- 
nication system 100 according to a preferred embodi- 
ment of the present invention. Mobile telecommunication 
system 1 00 includes a base station 1 1 0 and one or more 
mobile stations 120. Base station 1 10 includes a convo- 
lutional encoder 112. an interleaver 114. adeinterleaver 
1 1 8 and a convolutionat decoder 1 1 6. Mobile station 1 20 
includes a convolutional encoder 128, an interleaver 
126. a deinterleaver 122 and a convolutional decoder 
124. 

Base station 1 10 and mobile station 120 communi- 
cate with each other as follows. Base station 110 
receives data from a telephone network 130. The net- 
work data is processed and then encoded by convolu- 



tional encoder 112 in a well-known manner according to 
an encoding standard, such as iS95. Encoded data 136 
is interleaved by interleaver 114. The interleaving 
sequence is consistent with a standard, such as IS95 

5 (interleaving is discussed in detail below). Interleaving 
provides protection against burst errors by spreading 
out, or randomizing, errors that occur in short bursts of 
time. Base station 110 transmits interleaved data 1 38 to 
mobile station 120 via an antenna 132. Mobile station 

10 120 receives the transmitted data via an antenna 134. 
The received data is deinterleaved by deinterleaver 122 
arxl decoded by convolutional decoder 124. The 
decoded and deinterleaved data is output to a user 1 40. 
Transmission from mot>ile station 1 20 to base station 

15 110 occurs in a similar manner. Mobile station 120 
receives data from a user 140. The data is encoded by 
convolutional encoder 128 in a well-known manner 
according to an encoding standard, such as IS95. 
Encoded data 142 is interleaved by interleaver 126. The 

20 inter! eavir>g sequence is consistent with a standard, 
such as IS95. Interleaved data 1 44 is transmitted to base 
station 1 10 via antenna 134. Base station 110 receives 
the transmitted data via antenna 1 32. The received data 
is deinterleaved by deinterleaver 118 and decoded by 

25 convolutional decoder 116. Tlie decoded and inter- 
leaved data is output to telephone network 130. 

The interleaving process reorders the data bits such 
that successive data bits are spread throughout the data 
block. During transmission, errors which corrupt data bits 

30 tend to occur in bursts, i.e.. corrupt groups of adjacent 
bits. When the interleaved data is deinterleaved adjacent 
bit errors will be dispersed throughout the data t>lock. 
This maximizes the data encoding scheme's capability 
to correct the bit errors. 

35 Rgure 2 Is a block diagram of interleave- 114 
according to a preferred embodiment of the present 
invention. Interleaver 1 14 includes a data buffer 202. a 
multiplexer 210. a contiguous counter 214 and address 
twister 216. 

40 Multiplexer 210 connects contiguous counter 2 1 4 to 
address bus 208 of data buffer 202. Encoded data 142 
is loaded into data buffer 202 at contiguous addresses 
generated by contiguous counter 214. In other words, 
encoded data 142 is stored in contiguous order in data 

45 buffer 202, i.e. , bit 0 of encoded data stream 1 42 is stored 
in the first bit address location in data buffer 202. bit 1 of 
the encoded data stream 1 42 is stored in the second bit 
address location, bit 2 of the encoded data stream 142 
is stored in the third bit address location, etc. 

50 After encoded data 1 42 is completely stored in data 
buffer 202, multiplexer 210 connects address twister 21 6 
to address bus 208 of data buffer 202. Address twister 
21 6 is a state machine which generates a noncontiguous 
sequence of addresses which corresponds to an inter- 

55 leaving sequence. Thus, encoded data 142 is output 
from data buffer 202 in an order defined by the interleav- 
ing sequence generated by address twister 216. In other 
words, the interleaving sequence generated by address 
twister 216 is used to address data buffer 202 as 
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encoded data 142 is output from data buffer 202. Thus, 
data is output from data buffer 202 in a sequence that 
con-esponds to the interleaving sequence generated by 
address twister 216. 

Alternately, the present invention could operate as 
follows. Address twister 21 6 is connected to address bus 
208 when data is loaded into data buffer 202 and contig- 
uous counter 2 1 4 is connected to address bus 208 when 
data is output from data buffer 202. 

Fig. 3 illustrates the operation of the above 
described interleaver circuit 114. In a step 302, multi- 
plexer 210 connects contiguous counter 214 to address 
bus 208 of data buffer 202. In a stem 304. encoded data 
142 is loaded in a contiguous order Into data buffer 202 
according to a sequence of contiguous addresses gen- 
erated by contiguous counter 214. In a step 306, multi- 
plexer 210 is switched to connect address twister 216 to 
address bus 208. In a step 308, data is output from data 
buffer 202 in the interleaving sequence defined by non- 
contiguous addresses generated by address twister 21 6. 

Figure 4 illustrates the IS95 interleaving sequence. 
As defined by the IS95 starKlard, data is interleaved in 
blocks of 384 bits each. The interleaving sequence 
begins at the top left-hand corner and proceeds down 
the first column. The interleaving sequence continues at 
the top of the second column (moving from left to right) 
and proceeds down the second column, then down the 
third column, etc. Thus, the IS95 interleaving sequence 
is 0. 64. 128. 192, 256, etc. For example, the first data 
bit in an interleaved data blocK according to the tS95 
starxiard, is bit 0. The second data bit in the interleaved 
data block is bit 64. The third data bit is bit 128. The 
twerrty-fourth data bit is bit 368. The twenty-fifth data bit 
is bit 8, The forty-eighth data bit is bit 376. The forty-ninth 
data bit is bit 4, etc. 

In a preferred emtx)diment of the present invention, 
address twister 216 generates non-contiguous 
addresses in the sequence defined by the IS95 standard 
as shown in Figure 4. Therefore, data is read from data 
buffer 202 in the IS95 interleaving sequence. In other 
words, the non-contiguous addresses generated by 
address twister 216 (such non-contiguous addresses 
representing the interleaving sequence) are as follows: 
0, 64, 128, 192, 256, etc. 

Figure 5 is a block diagram of address twister 216 
which generates the IS95 interleaving sequence accord- 
ing to a preferred embodiment of the present invention. 
Address twister 216 preferably generates a nine-bit 
address 514 which is used to address the 384 bits of 
encoded data 1 42 in data buffer 202. Address twister 216 
preferably generates nine-bit addresses 51 4 in the same 
sequence as the IS95 interleaving sequence shown in 
Figure 4. 

Address twister 216 includes two counters: a three- 
bit modulo-six counter 502 and a six-bit nrKxdulo-64 coun- 
ter 506. A dock 504 is connected to courrters 502 and 
506. The count of three-bit counter 502 is incremented 
with each pulse of clock 504. However, tiie count of six- 
bit counter 506 is incremented by the pulses of dock 504 



only when the count of three-bit counter 502 is equal to 
five. In other words, six-bit counter 506 is enabled only 
when the count of three-bit counter 502 is equal to five 
(i.e., "101" in binary). 

5 Three-bit counter 502 repetitively generates tiie 

sequence zero through five. Each pulse of clock 504 
increments the count of three-bit counter 502. When the 
count of three-bit counter 502 is five, a decoder 51 2 ena- 
bles a synchronous dear input 510 of three-bit counter 

10 502. When synchronous clear input 51 0 is enabled, the 
next pulse of dock 504 resets three-bit counter 502 (i.e. 
sets the count to zero). The structure and operation of 
decoder 51 2 will be apparent to persons skilled in the art 
based on the discussion contained herein. When three- 

15 bit counter 502 is reset, decoder 512 disables synchro- 
nous clear input 510, such that the next pulse of clock 
504 increments the count of three-bit counter 502 (i.e. 
the count is incremented to one). 

The count of three-bh counter 502 is represented by 

20 bit positions QO tiirough Q2, where QO is the least sig- 
nificant bit position and Q2 i s the most signif icar^ bit posi - 
tion. Bit positions CX) through Q2 correspond to bits b6 
through b8 of nine-bit address 514, respectively. 

Six-bit counter 506 repetitively generates a 

25 sequence from zero through 63. When the count of six- 
bit counter 506 is 63, the next pulse of clock 504 causes 
the count of six-bit counter 506 to rollover to zero. The 
count of six-bit counter 506 is incremented by the pulses 
of dock 504 only when the count of three-bit counter 502 

30 is equal to five. When the count of three-bit counter 502 
is five, decoder 51 2 enables an enable input 508 of six- 
bit counter 506. The next pulse of clock 504 increments 
six-bit counter 506 and resets three-bit counter 502. as 
discussed above. When three-bit counter 502 is reset, 

35 decoder 512 deactivates enable input 508. Pulses of 
dock 504 do not increment six-bit counter 506 again until 
the count of three-bit counter 502 is again five. In other 
words, six-bit counter 506 is incremented every sixth 
pulse of clock 504. 

40 The count of six-bit counter 506 is represented by 
bit positions DO through D5, where DO is the least signif- 
icant bit arKi D5 is the most significant bit DO through D5 
of six-bit counter 506 correspond to bits bS through bO 
of nine-bit address 514, respectively 

45 Initially, the count of three-bit counter 502 and six- 
bit counter 506 are reset to zero. Since all bit positions 
of counters 502 and 506 are reset, nine-bit address 514 
is equal to zero, which is the first address in the IS95 
interleaving sequence. The next pulse of clock 504 incre- 

50 ments three-bit counter 502 which sets QO of three-bit 
counter 502 to a value of one. Since QO of three-bit coun- 
ter 502 is b6 of nine-bit address 514, nine-bit address 
514 is equal to 64, which is the second address in the 
IS95 interleaving sequence. As discussed above, six-bit 

55 counter 506 is not enabled until the count of three-bit 
counter 502 is five. The next pulse of clock 504 again 
increments three-bit counter 502, which resets QO and 
sets Q1 of three-bit counter 502. Since Q1 of three-bit 
counter 502 is b7 of nine-bit address 514, nine-bit 
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address 514 is equal to 128. which is the third address 
in the IS95 interleaving sequence. This process contin- 
ues until the count of three-bit counter 502 is five (QO 
and Q2 are set^ Q1 is reset). As three-bit counter 502 
increments to five, addresses 192. 256 and 320 are gen- 5 
erated. which are the fourth, fifth and sixth addresses in 
the IS95 interleaving sequence, respectively. 

When the count of three-bit counter 502 is five, syn- 
chronous clear input 510 and enable input 508 are ena- 
bled by decoder 51 2. The next pulse of dock 504 resets 
three-bit counter 502 and inaements six-bit counter 506. 
At this point. DO of six-bit counter 506 is set to a value of 
one and all other bit positions of counters 502 and 506 
are reset to zero. DO corresponds to b5 of nine-bit 
address 514. Thus, nine-bit address 514 is equal to 32. 
which is the seventh address in the IS95 interleaving 
sequence. When three-bit counter 502 is cleared, 
decoder 512 disables synchronous dear input 510 and 
enable input 508. Thus, the next pulse of clock 504 incre- 
ments three-bit counter 502, but does not increment six- 
bit counter 506. At this point, QO of three-bit counter 502 
and DO of six-bit counter 506 are set. These outputs cor- 
respond to b5 and b6 of nine-bit address 514, respec- 
tively. Thus, nine-bit address 514 is equal to 96, which is 
the eighth address in the IS95 interleaving sequence. 

The above described process continues until the 
count of six-bit counter 506 is 63 and the count of three- 
bit counter 502 is five, which corresponds to address 
383, the last address in the IS95 interleaving sequence. 

The next pulse of clock 504 resets three-bit counter 
502, and 6-bit counter 506 rolls-over to a count of zero. 
At this point. QO through Q2 of three-bit counter 502 and 
DO through D5 of six-brt counter are all reset and nine- 
bit address 51 4 is equal to 0, which is the first address 
in the IS95 interleaving sequence. 

Figure 6 illustrates the operation of address twister 
2 1 6. In a step 602. three-bit counter 502 and six-bit coun- 
ter 506 are reset to zero, in a decisional step 604, the 
count of three-bit counter 502 is compared to five. 

If the count of three-bit counter 502 is five, then six- 
bit counter 506 is incremented and three-bit counter 502 
is reset in steps 608 and 61 0, respectively. In a step 612, 
QO through Q2 of three-bit counter 502 are output to b6 
through b8 of nine-bit address 514. respectively. In a step 
614, DO through D5 of six-bit counter 506 are output to 
b5 through bO of nine-bit address 514, respectively. 

If the count of three-bit counter is not five in deci- 
sional step 604, then in a step 606 the count of three-bit 
counter 502 is incremented. In a step 612. QO through 
Q2 of three-bit counter 502 are output to b6 through b8 
of nine-bit address 514. respectively. In a step 614, DO 
through D5 of six-bit counter 506 are output to b5 through 
bO of nine-bit address 514, respectively. 

The above cycle continuously repeats starting at 
decisional step 604. 

While the invention has been particularly shown arKi 
described with reference to several preferred embodi- 
ments thereof, it will be understood by those skilled in 
the art that various changes in form arxj details may be 
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made therein without departing from the scope of the 
invention as defined in the appended claims. For exam- 
ple, different interleaving schemes and different block 
lengths can be implemented using the concept of multi- 
ple counter to create non-contiguous addresses as 
described herein. 

Claims 

1 . An apparatus for interleaving data, comprising: 

a buffer to store data; 

a contiguous counter to generate a contigu- 
ous sequence of addresses used to load data into 
said buffer in a contiguous order; and 

an address twister to generate a non-contig- 
uous sequence of addresses used to output data 
from said buffer in a non-contiguous order, wherein 
said non-contiguous sequence corresponds to an 
interleaving sequence. 

2. The apparatus of claim 1. wherein said address 
twister is a state machine. 

3. The apparatus of claim 1, wherein said address 
twister comprises two counters. 

4. The apparatus of claim 3 . wherein said two counters 
are a three-bit modulo-six counter and a six-bit mod- 
ulo-64 counter. 

5. Hie apparatus of claim 4. wherein said address 
twister further conrprises a means for enabling said 
six-bit modulo-64 counter only when the count of 
said three-bit modulo-six counter is five. 

6. An apparatus for generating an interleaving 
sequence, comprising: 

a three-bit counter which repetitively gener- 
ates a count from 0 to five, said three-bit counter hav- 
ing bit positions Q0-Q2 with QO being the least 
significant bit and Q2 being the most significant bit; 

a six-bit counter which repetitively generates 
a count from 0 to 63. said six-bit counter having bit 
positions D0-D5 with DO being the least significant 
bit and D5 being the most significant bit; 

a clock coupled to said three-bit counter and 
said six-bit counter; 

means for enabling said six-bit counter only 
when the count of said three-bit counter is five; and 

means for outputting a nine-bit address, 
wherein said Q0-Q2 of said three-bit counter corre- 
spond to bits b6-b8 of said nine-bit address, respec- 
tively, and said D0-D5 of said six-bit counter 
corresporKl to bits b5-b0 of said nine-bit address, 
respectively. 

7. The apparatus of claim 6. wherein said means for 
enabling said six-bit counter comprises a decoder 
with an input coupled to an output of said three-bit 
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counter and an output coupled to an enable input of 
said six-t>it counter. 

8. The apparatus of claim 7, wherein said decoder ena- 
bles said enable input of said six-bit counter when 5 
said output of said three-bit counter is equal to 5. 

9. A mobile communication system, whereby the 
mobile communications system uses error encoding 
and interleaving to reduce error rates due to burst io 
errors, comprising: 

abase station; and 
a mobile station; 

wherein apparatus for interleaving data as 
claimed in any of claims 1 to 5 in said mobile station 75 
and said base station interleaves data prior to trans- 
mission therefrom. 
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